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Tumor necrosis factor α (TNFα)-initiated 
biological responses are regulated by 
internalization of the receptor signaling 
complex and its fusion with components 
of several endocytic compartments []. 
We have recently reported that CARP2 is 
constitutively associated with cytosolic 
membrane vesicles that fuse with the 
internalized TNF receptor  (TNFR) 
signaling complex, and that it functions 
as a ubiquitin protein ligase (E3) for RIP, 
an obligate signaling intermediary for  
NF-κB activation [2]. It has also been 
shown that CARP2 and its homolog 
CARP function as E3s for caspase-8 
and -0, and that knockdown via short 
hairpin RNAs (shRNAs) of CARP or 
CARP2 expression enhances TNFα-
induced caspase activation and cell 
death [3]. 
In this issue of Current Biology, 
Ahmed et al. [4] report that CARP2-
deficient mice develop normally and 
have no changes in TNF-induced 
activation of NF-κB or apoptosis. They 
suggest that this could be because of 
the functional redundancy that may 
exist between CARP2 and the other 
CARP family member, CARP. Here 
we show that CARP, like CARP2, 
functions as an E3 for RIP and affects 
NF-κB activation. CARP and CARP2 
have 43% identity at the amino-acid 
level and each contains a RING domain 
and a FYVE domain, the latter targeting 
the protein to membrane compartments 
(Figure A) [3,5]. Western blot analysis 
for CARP expression detected CARP2 
in five and CARP in nine of the thirteen 
normal tissues tested (Figure B). This 
is in contrast to the reported ubiquitous 
expression of both genes at the mRNA 
level [3,5]. The multiple band pattern 
(from 37–45 kDa) of CARP reflects 
post-translational modifications, such 
as lipidation, and agrees with reported 
observations with rat CARP [5]. 
Interestingly, CARP expression was 
detected in all the tissues that express 
CARP2, suggesting that CARP might be able to compensate for the loss of 
CARP2. To investigate whether CARP 
can function as an E3 for internalized 
RIP, we purified endocytosed  
TNFR complexes and detected 
substantial amounts of endogenous 
CARP as early as 5 min  
after internalization, which lasted 
for almost 30 min (Figure C). We 
also found that RIP and CARP 
co-immunoprecipitated after TNFα 
stimulation or when co-expressed in 
the absence of stimulation (Figure D 
and data not shown). Moreover, 
in a cell-free system recombinant 
CARP catalyzed the transfer of 
ubiquitin (methylated) to purified RIP 
(Figure SA in Supplemental Data, 
published with this article online), and 
in cells exogenous CARP promoted 
ubiquitination of RIP with K48-linked 
chains (Figure E). Furthermore, in co-
transfection experiments RIP protein 
was downregulated in the presence 
of CARP and its loss was reversed 
by treatment with the proteasome 
inhibitor lactacystin (Figure SB). 
Importantly, we found that knockdown 
of CARP increased TNFR-associated 
ubiquitinated RIP (Figure F). These 
results demonstrate that CARP, like 
CARP2, can promote proteasomal 
degradation of internalized RIP. 
In agreement with these findings, 
overexpression of CARP inhibited 
IκBα degradation and IL-6 production in 
an E3-dependent manner (Figure G,H). 
Transfection with shRNA directed 
against two separate regions of CARP 
enhanced the increase in TNFα-induced 
NF-κB reporter activity, and this was 
neutralized with the expression of 
shRNA-resistant but not wild-type 
CARP (Figure I and Figure SC,D). 
For technical reasons, attempts to 
knock down the expression of both 
CARPs simultaneously have thus far 
failed to reduce the level of each to 
that achieved with single knockdowns. 
These findings, along with earlier 
published results, demonstrate that 
both CARP and CARP2 are E3s that 
target RIP and apical caspases and 
affect TNF signaling in a similar manner. 
Thus, tissue distribution and similarities 
in function suggest that CARP could 
compensate for the loss of CARP2 in 
knockout mice. 
We previously found that knockdown 
of CARP2 in tumor cell lines increased 
receptor-associated ubiquitinated RIP, 
having a maximum effect 5 min after 
stimulation, and modestly delayed 
IκBα recovery (Figure H and 4F in 
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Figure . Role of CARP in TNF signaling.
(A) Domain structures of CARP and CARP2. (B) Tissue expression of CARP and CARP2. Normal human tissue extracts (Prosci, Poway, CA) 
were probed with antibodies to detect the expression of CARP or CARP2 proteins and Actin. LN, lymph node; S. muscle, smooth muscle. (C) 
CARP associates with TNFR receptosomes. Magnetic TNFR fractions were immunoblotted with anti-CARP antibody. Post-nuclear extracts 
were used as controls (lysate). (D) CARP interacts with RIP. CARP protein was immnoprecipitated from extracts of TNF-stimulated cells sta-
bly expressing CARP–FLAG with anti-FLAG antibody and the precipitates were probed for endogenous RIP and CARP. (E) CARP promotes 
ubiquitination of RIP with K48-linked chains. 293T cells expressing HA–ubiquitin variants along with indicated plasmids were pretreated with 
proteasome inhibitor MG-32 and stimulated with TNFα. RIP was purified from cell extracts under denaturing conditions and analyzed for ubiq-
uitination with anti-HA antibody. The extracts were analyzed with indicated antibodies. (F) CARP targets receptor-associated RIP. Extracts 
of 293T cells transfected with CARP-specific or non-specific (NS) shRNA and stimulated with TNFα were immunoprecipitated with anti-TNFR 
antibody and the precipitates were probed for RIP and TNFR. Expression levels in the lysates of CARP protein, RIP and β-actin are shown. 
(G) CARP expression inhibits IκBα degradation. 293T cells transfected with indicated plasmid DNAs for 24 h were treated with TNFα for 5 or 
30 min and the cellular extracts were probed using anti-IκBα, anti-β-actin and anti-FLAG (for CARP) antibodies. (H) CARP expression inhibits 
IL-6 secretion. MEFs (pools) expressing vector, CARP or CARP-H342A (a RING mutant) were treated with medium (white bars) or TNF (0 ng/ ml; 
black bars) overnight, and the supernatants were assayed for IL-6 by ELISA. Data represent the average of three experiments. The expression 
of CARP and β-actin in the cellular extracts are shown. (I) CARP knockdown enhances NF-κB activation. 293T cells expressing reporter gene 
along with control or CARP-specific shRNA constructs for 48 h were treated with medium (UT) or TNF for 5 h, and the extracts were assayed 
for reporter and β-galactosidase activities. The data represent the average of at least three experiments.[2]). Although in the study by Ahmed 
et al. [4] the level of RIP at 5 min was 
not examined and the differences 
between wild-type and CARP2-
deficient mouse embryo fibroblasts 
(MEFs) were interpreted as being not 
significant, the results in Figure E 
and Figure S2D (middle panel) in [4] 
indeed show stabilization of RIP and 
a similar modest delay in the recovery 
of IκBα. While the significance of these 
differences is debatable, the changes in activation are nevertheless smaller 
than one would expect with CARP2-
deficient cells, given that in shRNA-
based assays CARP2 expression was 
only partially suppressed. One possible 
reason for the smaller differences in 
null cells might be the use of MEFs, a 
heterogenous population of primary 
cells, many of which possibly do not 
express CARP2. Such clonal variability 
could also possibly account for the 
differences in ubiquitinated RIP levels from independent batches of MEFs 
reported by Ahmed et al. [4] (Figure E 
and Figure S2G). Yet another possible 
contributor might be the difference 
in the technical approaches used to 
pull down the receptor-associated 
RIP. While in our assays anti-TNFR 
antibody immunoprecipitated RIP 
in a stimulus-specific and TNFR-
dependent manner, Fc–TNF as used by 
Ahmed et al. [4] appeared to precipitate 
RIP independent of the receptor. 
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The two male 
gametes share equal 
ability to fertilize 
the egg cell in 
Arabidopsis thaliana
Mathieu Ingouff1, Tadashi Sakata2, 
Jing Li1, Stefanie Sprunck3, Thomas 
Dresselhaus3 and Frédéric Berger1,*
The seed of a flowering plant develops 
from an ovule containing two distinct 
female gametes — the egg cell and the 
central cell — that are fertilized by a pair 
of non-motile sperm cells conveyed by 
the pollen tube. With a few exceptions 
[], the two sperm cells, derived from 
a symmetrical mitosis, are isomorphic 
and seem to express a similar gene 
repertoire [2]. Since the discovery of 
double fertilization in flowering plants 
at the end of the 9th century, it has 
been a long standing question whether 
the two sperm cells are functionally 
equivalent, that is, whether they are 
capable of fertilizing the egg cell and 
the central cell in equal measure. 
To address this question, we have 
taken advantage of the Arabidopsis 
thaliana mutant for RETINOBLASTOMA 
RELATED1 (rbr1), which, in contrast 
to wild-type plants, undergoes 
unrestricted cell proliferation during 
female gametogenesis [3,4]. Ovules of 
rbr1 mutants generate supernumerary 
central cell nuclei that do not express 
maturation marker genes [4,5], 
suggesting that rbr1 central cells are not 
competent for fertilization. Mutant ovules 
also contain additional egg cells that 
have a phenotype comparable to that of 
wild-type egg cells, with the nucleus of 
each egg cell located towards the central 
cell. Moreover, the rbr1 egg cells express 
the fluorescent marker egg cell   
(EC) (Figure A,D). The EC marker is 
encoded by a gene that is specifically 
expressed in mature egg cells (Figure S  
in Supplemental Data, published with 
this article online), so its expression 
suggests that the rbr1 supernumerary 
egg cells are fully differentiated and 
functional. Hence, the rbr1 ovules 
provide an experimental system to 
challenge the capacity of each of the two 
sperm cells to fertilize an egg cell.
We first examined the ability of these 
additional egg cells in rbr1 ovules to 
be fertilized. The rbr1 mutant ovules 
expressing the EC marker were TNFα is a pleotropic cytokine 
that exerts its effect in many cell 
types via TNFR. In spite of their 
well-established roles in various 
biological events, neither TNFα nor 
TNFR is essential for normal mouse 
development, and mice deficient in 
either, like CARP2-null mice, developed 
normally and exhibited no defects 
without a challenge [6,7]. Similarly, 
deletion in mice of c-IAP or c-IAP2, 
proteins with a CARP-like carboxy-
terminal RING domain and which 
play an important role in TNFR–RIP 
signaling, caused no overt phenotype. 
In contrast, mice deficient in other 
important regulators (e.g., RIP, 
A20, or TRAF2) had obvious defects, 
owing partly to their well-established 
additional roles in multiple signaling 
pathways. 
While knockout studies in mice 
remain the standard for gene-
function analysis, it is important to 
keep in perspective their limitations 
in identifying the biological roles. 
For example, the loss of XIAP, an 
E3 implicated in receptor signaling, 
had no major effect in mice whereas 
in humans it caused X-linked 
lymphoproliferative syndrome [8,9]. 
Although in vitro studies using cell 
lines must be interpreted with caution, 
they do serve their objective, recent 
examples being the deciphering of 
autocrine TNF signaling caused by 
acute c-IAP deficiency that could 
not be inferred from characterization 
of the knockout mice [0]. We are 
inclined to believe that CARPs limit the 
intensity or duration of signaling during 
endocytosis in a cell-type- specific 
manner. It remains possible that in vivo 
CARP regulation of RIP may not 
primarily affect the activation of NF-κB, 
but rather other responses such as 
MAP kinase activation or necrosis, 
in which RIP is involved. Given that 
CARPs can also affect p53 and apical 
caspases [], an important role for 
these molecules in cell-death pathways 
cannot be ruled out. Further analysis 
of CARP/CARP2 knockout mice will 
increase our understanding  
of their physiological function(s).
Supplemental Data
Supplemental data are available at http://www.
current-biology.com/supplemental/S0960-
9822(08)0558-3.
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